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LOW OBSERVABLE BROADBAND STRUCTURALLY-EMBEDDED 
CONFORMAL ANTENNA 
Background of the Invention 

L Field of the Invention 

The present invention relates to antennas and more particularly to structurally- 
embedded conformal antennas. 

2. Brief Description of Prior Developments 

A polarization-diverse receiving system for modem low-RCS airborne platforms 
requires a physically small, low profile, low RCS, broadband and dual independent 
polarization antenna. It is believed, however, that there is currently no such an antenna 
meeting all the needs that systems desire, especially over the VHFAJHF frequency 
spectrum due to the nature of long wavelengths over these bands. 

A standard multi-polarization cross-loop (X-Ioop) antenna, as shown in Figure 
1(a), is used on similar applications when there are no RCS constraints or aerodynamic 
drag constraints. A couple of new types of flush-mounted and cavity-backed antennas 
were designed to address the aerodynamic drag. These antennas are Archimedean Spiral 
Figure 1(b), Sinuous Figure 1(c), and Serrated-edge slot Figure 1(d) antenna, as shown 
below. These cavity-backed antennas are all loaded with lossy absorbing material to 
dampen the high Q resonant cavity modes. 

The disadvantage of X-loop, as shown in Figure 1(a), is that it has higher 
aerodynamic drag even with the use of an aero radome and it does not address RCS 
factors at all. The disadvantage of Archimedean Spiral antenna, as shown in Figure 1(b), 
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is that the linear polarization components rotate with frequency, which complicates 
antenna calibration on certain applications. In addition, the Spiral antenna suffers large 
out-of-band RCS as the density of slots result in a large impedance discontinuity between 
the spiral aperture and the ground plane. Although the sinuous antenna, as shown in 
Figure 1(c), resolves the frequency-dependent linear polarization issues of the 
Archimedean Spiral, the density of slots still generates a significant out-of-band RCS. 
There are two disadvantages to the Serrated-edge slot antenna design shown in Figure 
1(d). The first disadvantage is that the antenna matching is solely accomplished by 
absorbing material thus reducing radiation efficiency. The second disadvantage is that 
the mutliple lobes appear in the patterns at the high end of operating frequency band 
because the currents flow freely over the entire width of the patch. Thus, the useable 
operating frequency band is limited. 

No existing antenna is known to be capable of providing dual independent 
polarization and broadband VHF/UHF operations with low RCS characteristics while the 
antenna is electrically small, low profile and conformal flush-mountable. 

A need, therefore, exists for an antenna which overcomes the disadvantages of the 
prior art. 

Summary of Invention 

The antenna of the present invention comprises a crossed pair of center-fed end- 
loaded bent-dipole radiators which are structurally embedded into a properly loaded 
cavity to provide broadband, dual independent polarized, and hemisphere field-of-view 
coverage with low RCS characteristics. This Low Observable Broadband Struclurally- 
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Embedded Conformal Antenna (LOBSECA) is electrically small as well as low profile 
and it is easy to be made lightweight by composite material fabrication. 

Brief Description of the Drawings 

The present invention is further described with reference to the accompanying 
drawings wherein: 

Figures 1(a), 1(b), 1(c) and 1(d) are schematic drawings, respectively, of a prior 
art X-loop antenna, Archimedian spiral antenna, sinuous antenna, and serrated-edge slot 
antenna; 

Figure 2 is an exploded perspective view of a preferred embodiment of the . 
LOBSECA antenna of the present invention; and 

Figure 3 arc graphs showing measured antenna performance for the LOBSECA 
antenna shown in Figure 2. 

Detailed Description of the Preferred Embodiment 

An exploded view of the LOBSECA antenna of this invention is shown in Figure 
2. The crossed radiating elements (radiators) are embedded in a ground plane, forming 
thin slots on the flush surface. The width of the radiators, and therefore the separation 
between crossed-radiators, is critical to minimizing coupling between antennas and 
improving radiation efficiency. It is also possible to implement the antenna with a single 
slot between radiators or multiple slots between radiators. The number of slots is 
determined by the emphasis of application on Gain or on RCS characteristics. Vertical 
met^l elements extend the radiators into the cavity. The bent dipole-like radiator 
approach reduces the low frequency limit of the impedance match. The vertical elements 
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also provide capacitive loading to the cavity and further reduce the resonant frequency of 
the radiators. The additional path length reduces multiple reflections from the ends of the 
horizontal elements providing a smooth VSWR response at the higher frequencies. The 
vertical elements are capacitively coupled to the horizontal elements for ease of 
manufacture. The ends of the vertical elements are shorted together to increase the 
capacitive loading and to act as a mode suppressor. For instance, at the higher 
frequencies a 1-wavelength resonance on one radiator can excite a cross-polarized 1- 
wavelength resonance on the orthogonal element. The short suppresses this coupling. 
The additional path length also reduces multiple* reflections from the ends of the vertical 
elements and provides a smooth VSWR response. 

Each radiator is center-fed by a balanced coaxial line in current design. However, 
various configurations of feed networks can be inserted depending on the desired 
application. Two orthogonal radiators can be combined through a 90deg-hybrid for 
circular polarization or through an ISOdeg-hybrid for sum and difference patterns. 

A distributed lossy material, either a resistive sheet or a foam absorber, is placed near or 
on the outer square section. The outer slots do not contribute to the radiation efficiency 
and they distort the pattern shape at the higher frequencies. These outer slots are damped 
with lossy material for broadband performance. Distributed lossy foam is placed under 
the comers elements, where the diagonal slots meet the square slots. This lossy foam 
extends into the diagonal and reduces reflections from the discontinuities at the comers. 
The main radiating sections of the slot (near the center of the aperture) are kept free of 
absorber to maintain antenna efficiency. The high frequency impedance behavior is that 
of a traveling wave antenna or transmission line. Waves traveling from the feed point 
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towards the ends of the elements are absorbed and not reflected, providing a constant or 
slowly varying characteristic impedance response. Reducing the high current 
concentration at the comer discontinuity maintains pattern synmietry. 

The antenna was installed on an 8ft-diameter circular ground plane and measured 
in an anechoic tapered chamber. The. antenna under test, measured VSWR for each 
radiator pair, gain at broadside and at IS-degree above the horizon, and the typical mid 
and high band radiation patterns for a single polarization radiator are shown in Figure 3. 

It will also be appreciated that for modem aircraft there are advantages to a low 
profile, lightweight, conformal, and structurally embeddable antenna capable of 
broadband operations to support the multi-function needs at an affordable cost. The 
LOBSCA antenna can be straightforwardly modified to satisfy the needs in commercial 
applications. 

Those skilled in the art will appreciate that the antenna of the present invention 
holds several unique advantages over antennas of the prior art. There are four major 
advantages. The first one is that the architecture of the antenna has inherently low RCS 
, characteristics, which is most important for the targeted next generation airborne payload. 
The second advantage is that the aperture is conformal flush mo'untable and thus 
eliminates air drag in military and commercial airplane applications. The third advantage 
is that this cavity-backed aperture is electrically small in size, low profile, and can be 
made lightweight by composite fabrication; therefore, it requires less real estate than 
typical cavity antennas. The fourth advantage is that the aperture operates efflciently 
over 6:1 frequency band and supports dual-linear polarizations, which can also be 
combined to support circular polarization applications. These four major advantages 
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suggest that this innovative LOBSECA antenna design satisfies all the needs for next 
generation airborne payloads. 

While the present invention has been described in connection with the preferred 
embodiments of the various figures, it is to be understood that other similar embodiments 
may be used or modifications and additions may be made to the described embodiment 
for performing the same function of the present invention without deviating therefrom. 
Therefore, the present invention should not be limited to any single embodiment, but 
rather construed in breadth and scope in accordance with the recitation of the appended 
claims. 
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